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(57) ABSTRACT

A power steering system capable of preventing an unnec-
essary standby flow produced in high speed travel. A con-
troller C determines a basic current instruction value Id
based on a current 1nstruction value I1 1 accordance with a
stecering angle detected by a steering angle sensor 14, a
current 1nstruction value 12 1 accordance with a steering
angular velocity and current instruction values IS, 16 1n
accordance with a vehicle speed, and adds a standby current
mstruction value Is to the basic current instruction value Id,
and outputs the resultant value of the addition as a solenoid
current instruction value SI, and changes the standby current
mnstruction value Is on the basis of the vehicle speed.

2 Claims, 8 Drawing Sheets
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1
POWER STEERING SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a power steering system 1nclud-
ing a flow control valve for the prevention of energy loss.

2. Description of Related Art

An example of power steering systems including a flow
control valve for the prevention of energy loss 1s disclosed
in Laid-open Japanese Patent Application No. 2001-260917
filed by the present applicant.

The flow control valve V of the power steering system of
the prior art example includes, as illustrated 1 FIG. 7, a
spool 1 having one end adjoining a pilot chamber 2 and the
other end adjoining another pilot chamber 3.

The pilot chamber 2 continuously communicates with a
pump P via a pump port 4. The pilot chamber 2 communi-
cates via a flow pass 6, a variable orifice a and a flow path
7 with an inflow port of a steering valve 9 provided for
controlling a power cylinder 8.

The pilot chamber 3 1ncorporates a spring 5 and also
communicates with the intflow port of the steering valve 9
via a flow path 10 and the flow path 7. Accordingly, the
variable orifice a, the flow path 7 and the flow path 10
provide the communication between the pilot chambers 2
and 3. Pressure upstream from the variable orifice a acts on
the pilot chamber 2 and pressure downstream therefrom acts
on the pilot chamber 3. The degree of opening of the variable
orifice a 1s controlled by a solenoid current instruction value

SI calculated for a solenoid SOL..

The spool 1 maintains a position at which the force acting,
on the pilot chamber 2, the force acting on the pilot chamber
3 and the force of the spring 5 are in balance. This balanced
position determines the degree of opening of both the pump
port 4 and a tank port 11.

For example, upon actuation of a pump driving source 12
such as an engine or the like, the pump P 1s driven to supply
pressure oil 1to the pump port 4 to cause a tflow 1n the
variable orifice a. This flow produces a pressure difference
between the two sides of the variable orifice a, and the
pressure difference causes a difference in pressure between
the pilot chambers 2 and 3. The resultant differential pres-
sure resists the force of the spring 5 and moves the spool 1
from the normal position, illustrated i FIG. 7, to the
balanced position.

Thus, moving the spool 1 from the normal position toward
the balanced position increases the degree of opening of the
tank port 11. In accordance with the resulting degree of
opening of the tank port 11, the distribution ratio between a
control flow QP introduced toward the steering valve 9 from
the pump P and a return flow QT circulating back to the tank
T or the pump P 1s determined. In other words, the control
flow QP 1s determined 1n accordance with the degree of
opening of the tank port 11.

The control of the control flow QP 1n accordance with the
degree of opening of the tank port 11 as described above
results 1n determination of the control flow QP in accordance
with the degree of opening of the variable orifice a. This 1s
because the position to which the spool 1 1s shifted, which
determines the degree of opening of the tank port 11, is
determined by the differential pressure between the two pilot
chambers 2 and 3, and this differential pressure i1s deter-
mined by the degree of opening of the variable orifice a.

Thus, 1n order to control the control flow QP 1n accor-
dance with the vehicle speed or the steering condition of the
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vehicle, the degree of opening of the variable orifice a, or the
solenoid current instruction value SI for the solenoid SOL
may be controlled. This 1s because the degree of opening of
the wvariable orifice a 1s controlled 1n proportion to an
exciting current of the solenoid SOL so that the variable
orifice a holds the degree of its opening to a minimum 1n the
non-excited state of the solenoid SOL and increases the
degree of its opening as the exciting current 1s 1ncreased.

The steering valve 9 applied with the control flow QP
controls the amount of o1l supplied to the power cylinder 8
in accordance with the input torque (steering torque) of the
steering wheel (not shown). For example, if the steering
torque 1s large, the amount of shifting of the steering valve
9 1s 1ncreased to increase the amount of o1l supplied to the
power cylinder 8, whereas if 1t 1s small, the amount of
shifting of the steering valve 9 1s decreased to decrease the
amount of o1l supplied to the power cylinder 8. The larger
the amount of supply of pressure oil, the higher the assist
force that the power cylinder 8 exerts. The smaller the
amount of supply, the lower the assist force that the power
cylinder 8 exerts.

The steering torque and the amount of shifting of the
steering valve 9 are determined by a torsion reaction of a
torsion bar (not shown) or the like.

As described above, the steering valve 9 controls a flow
QM supplied to the power cylinder 8, and the flow control
valve V controls the control flow QP supplied to the steering
valve 9. If the flow QM required by the power cylinder 8
comes as close as possible to the control flow QP determined
by the flow control valve V, it 1s possible to reduce the
energy loss around the pump P. This 1s because the energy
loss around the pump P is caused by the difference between
the control flow QP and the flow QM required by the power
cylinder 8.

In order to make the control flow QP as close as possible
to the flow QM required by the power cylinder 8 for the
prevention of energy loss, the system of the prior art
example controls the degree of opening of the variable
orifice a. The degree of opening of the variable orifice a is
determined by the solenoid current instruction value SI for
the solenoid SOL as described earlier. The solenoid current
control value SI 1s controlled by a controller C which will be
described 1n detail next.

The controller C 1s connected to a steering angle sensor 14
and a vehicle speed sensor 15. As illustrated mn FIG. 8, the
controller C determines a current instruction value 11 based
on the steering angle detected by the steering angle sensor
14, and also a current instruction value I2 based on the
steering angular velocity calculated by differentiating the
steering angle.

The relationship between the steering angle and the
current instruction value Il 1s determined on the basis of
theoretical values giving linear characteristics to the rela-
tionship between the steering angle and the control flow QP.
The relationship between the steering angular velocity and
the current instruction value 12 1s also determined on the
basis of theoretical values giving linear characteristics to the
relationship between the steering angular velocity and the
control flow QP. Both the current instruction values I1 and
I2 outputted are zero unless the steering angle and the
steering angular velocity exceed a set value. Specifically,
when the steering wheel 1s positioned at or around the center,
the current instruction values I1, 12 are outputted at zero in
order to set a dead zone around the center.

Further, the controller C outputs a steering angle-related
current instruction value I3 and a steering angular velocity-
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related current instruction value 14 which are based on the
value detected by the vehicle speed sensor.

The steering angle-related current instruction value 13 1s
outputted at one at low vehicle speeds and, for example, at
0.6 at maximum vehicle speeds. The steering angular
velocity-related current instruction value 14 1s also outputted
at 1 at low vehicle speeds and, for example, at 0.8 at
maximum vehicle speeds. Specifically, regarding gain 1n a
range from low vehicle speeds to maximum vehicle speeds,
the steering angle-related current instruction value I3 con-
tfrolled 1n a range of 1 to 0.6 1s set to be larger than the
steering angular velocity-dedicated current instruction value
14 controlled 1n a range of 1 to 0.8.

Then, the steering angle-related current mstruction value
I3 1s multiplied by the steering angle-based current mnstruc-
tion value I1. Therefore, a steering angle-based current
mstruction value IS resulting from the multiplication 1is
smaller as the vehicle speed increases. In addition, the
steering angle-related current instruction value I3 has gain
set larger than that of the steering angular velocity-related
current mstruction value 14, so that the higher the vehicle
speed becomes, the higher the rate of decrease of the current
instruction value IS becomes. That is to say, response 1s kept
high at low vehicle speeds and 1s reduced at high vehicle
speeds. Thus, the response 1s changeable depending on a
vehicle speed. This 1s because a high response 1s not usually
required during high-speed travel but 1s necessary at low
vehicle speeds 1n most cases.

The controller C applies the steering angular velocity-
related current instruction value 14 serving as a limit value
to the current instruction value I2 based on the steering
angular velocity to output a steering angular velocity-based
current 1nstruction value 16. The current 1nstruction value 16
1s also decreased 1n accordance with the vehicle speed. Note
that the gain of the steering angular velocity-related current
mnstruction value 14 1s smaller than that of the steering

angle-dedicated current instruction value I3 so that the rate
of decrease of the current instruction value 16 1s smaller than

that of the current instruction value IS5.

The limiting value, as described above, 1s set 1 accor-
dance to a vehicle speed 1n order to mainly prevent an
excessive assist force from being exerted during high-speed
fravel.

The controller C makes a comparison between the steer-
ing angle-based current mstruction value IS and the steering
angular velocity-based current mstruction value 16 outputted
as described above, and adopts the larger value of the two.

For example, the steering wheel 1s rarely rotated abruptly
during high-speed travel, and therefore the steering angle-
based current mstruction value I3 1s typically larger than the
steering angular velocity-based current instruction value 16.
Accordingly, in most cases, the steering angle-based current
mnstruction value IS 1s selected during high speed travel. A
large gain of the current instruction value I3 1s set 1n order
to enhance the safety and stability in operation of the
steering wheel at that point. In other words, as the traveling
speed 1ncreases, the ratio of decreasing the control flow QP
1s 1ncreased for enhancement the safety and stability on
traveling.

On the other hand, the steering wheel 1s often rotated
abruptly during low-speed travel so that the steering angular
velocity-based current instruction value 16 1s larger in many
cases than the steering angle-based current instruction value
I5. Therefore, the steering angular velocity-based current
mstruction value 16 1s almost selected during low speed
travel. When the steering angular velocity 1s high, the
response 1s regarded as being of importance.
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Thus, 1n low-speed travel, the steering angular velocity 1s
used as the referred, and a small gain of the steering angular
velocity-based current instruction value 16 1s set 1n order to
enhance the operability of the steering wheel, or the
response. In other words, if the traveling speed 1s somewhat
increased, the control flow QP ensured to a sufficient degree
makes it possible to ensure the response when the steering
wheel 1s abruptly rotated.

The controller C adds a standby current mstruction value
I7 to the current instruction value IS or 16 selected as

described above, and outputs the resultant value of this
addition to a driving unit 16 as a solenoid current 1nstruction
value SI.

Because of the addition of the standby current mstruction
value 17, the solenoid current instruction value SI 1s kept at
a predetermined magnitude even when all of the current
instruction values based on the steering angle, the steering

angular velocity and the vehicle speed are zero. For this
reason a predetermined flow 1s routinely supplied to the
steering valve 9. However, 1n terms of the prevention of
energy loss, the control flow QP 1n the flow control valve V
ideally becomes zero when the flow QM required by the
power cylinder 8 and the steering valve 9 1s zero.
Specifically, if the control flow QP 1s zero, the total amount
of o1l discharged from the pump P 1s circulated back from
the tank port 11 to the pump P or the tank T. The path of the
o1l flow returning from the tank port 11 to the pump P or the
tank T 1s extremely short within the body B, so that little
pressure loss occurs. Due to the significantly low degree of
pressure loss, the driving torque of the pump P 1s controlled
to a minimum, leading to energy conservation as much as the
driving torque 1s controlled. In this context, the fact that the
control flow QP 1s reduced to zero when the required flow
QM 1s zero has an advantage 1n terms of preventing energy
loss.

Nevertheless, a standby tlow QS 1s maintained even when
the required flow QM 1s zero. This 1s because of the
following.

(1) To prevent seizure in the system. The circulation of a
standby flow QS through the system can provide cooling
elfects.

(2) To ensure response. The maintenance of the standby
flow QS, as described above, saves more time for attaining
the target control flow QP than that in the case of absence of
maintenance of the standby flow QS. The resulting time
difference aflects the response. As a result, the maintenance
of the standby flow QS leads to improvement of the
response.

(3) To counter disturbances, such as kickback and the like,
and self-aligning torque. The reaction to disturbances or
self-aligning torque acts on the wheels, which then acts on
the rod of the power cylinder 8. If the standby flow 1s not
maintained, the reaction to the self-aligning torque or the
disturbances makes the wheels unsteady. However, the
maintenance of the standby flow prevents the wheels from
becoming unsteady even when the reaction acts on the
wheels. Specifically, the rod of the power cylinder 8 engages
with a pinion for switching the steering valve 9, and the like.
Hence, upon the onset of the reaction, the steering valve 1s
also switched to supply the standby flow in a direction
counter to the reaction. Therefore, maintaining of the
standby flow makes 1t possible to counter the self-aligning
torque and the disturbance caused by the kickback.

Next, a description will be given of the operation of the
power steering system of the prior art example.

When the vehicle 1s travelling, the controller C outputs a
steering angle-based current instruction value I3 acquired by
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multiplying a solenoid current instruction value I1 based on
the steering angle by the steering angle-related current
mstruction value I3, and also outputs a steering angular
velocity-based current instruction value 16. The current
instruction value 16 1s set by applying the steering angular
velocity-based current instruction value 14 serving as a limit
value to a solenoid current instruction value 12 based on the
steering angular velocity.

Then, the controller C determines which 1s the larger
value of the steering angle-based current instruction value 15
and the steering angular velocity-based current instruction
value 16, then adds the standby current mstruction value 17
to the larger value, the current instruction value I35 or 16, to
acquire the solenoid current instruction value SI at this point.
The solenoid current instruction value SI 1s mainly deter-
mined with reference to the steering angle-based current
instruction value IS when driving a vehicle at high speed and
based on the steering angular velocity-based current instruc-
tion value 16 when driving a vehicle at low speed.

The spool 1 has a slit 13 formed at 1ts leading end. Even
when the spool 1 1s 1n the normal position illustrated in FIG.
7, the slit 13 establishes communication between the pilot
chamber 2 and the variable orifice a. Specifically, even when
the spool 1 1s 1n the normal position, the pressure oil
supplied from the pump port 4 to the pilot chamber 2 is
further supplied through the slit 13, flow path 6, variable
orifice a and then tlow path 7 to the steering valve 9. Due to
such supply of the pressure oi1l, the system successtully
achieves the prevention of seizure and disturbances such as
kickback or the like, and the ensured response.

FIG. 7 1llustrates the driving unit 16 provided for driving,
the solenoid SOL and connected to the controller C and the
solenoid SOL, throttles 17 and 18, and a relief valve 19.

In the prior art power steering system as described above,
a standby current instruction value Is 1s added for preventing
the system from being seized, ensuring response, and coun-
tering disturbances, such as kickback and the like, and a
self-aligning torque.

However, the above response 1s required mainly at low
vehicle speeds and not so much required at high vehicle
speeds. This 1s because a high response when travelling at
high speeds causes unstable steering. In the prior art system,
the standby current instruction value 1s fixed so that the
standby flow 1s set with respect to low vehicle speeds 1n
which a high response 1s needed.

Setting the standby flow with respect to the low vehicle
speeds leads to a problem of energy loss produced by
supplying the standby flow more than necessary in high-
speed travel.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a power
steering system which 1s capable of preventing an unneces-
sary standby flow during high-speed travel.

A first feature of the present mnvention provides a power
steering system including: a steering valve for controlling a
power cylinder; a variable orifice provided upstream from
the steering valve; a solenoid for controlling a degree of
opening of the variable orifice; a controller for controlling a
solenoid current instruction value SI used for driving the
solenoid; a steering angle sensor and a vehicle speed sensor
which are connected to the controller; and a flow control
valve dividing a flow, supplied from a pump, into a control
flow supplied to the steering valve 1n accordance with the
degree of opening of the variable orifice and a return flow
circulating back to a tank or the pump, and 1n the first feature
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6

the controller determines a basic current instruction value on
the basis of a current instruction value 1n accordance with a
steering angle supplied from the steering angle sensor, a
current 1nstruction value 1n accordance with a steering
angular velocity, and current instruction values 1n accor-
dance with a vehicle speed, and adds a standby current
mstruction value to the basic current instruction value, and

outputs the resultant value of the addition as the solenoid
current instruction value, and changes the standby current
instruction value on the basis of the vehicle speed.

A second feature of the present invention provides a
power steering system including: a steering valve for con-
troling a power cylinder; a variable orifice provided
upstream from the steering valve; a solenoid for controlling
a degree of opening of the variable orifice; a controller for
controlling a solenoid current instruction value SI used for
driving the solenoid; a steering torque sensor and a vehicle
speed sensor which are connected to the controller; and a
flow control valve dividing a flow, supplied from a pump,
into a control flow supplied to the steering valve 1n accor-
dance with the degree of opening of the variable orifice and
a return flow circulating back to a tank or the pump, and 1n
the second feature the controller determines a basic current
instruction value on the basis of a current instruction value
in accordance with steering torque detected by the steering
forque sensor and a current instruction value 1n accordance
with a vehicle speed detected by the vehicle speed sensor,
and adds a standby current instruction value to the basic
current instruction value, and outputs the resultant value of
the addition as the solenoid current instruction value, and
changes the standby current instruction value on the basis of
the vehicle speed.

A third feature of the present mnvention provides a power
steering system including: a steering valve for controlling a
power cylinder; a variable orifice provided upstream from
the steering valve; a solenoid for controlling a degree of
opening of the variable orifice; a controller for controlling a
solenoid current instruction value SI used for driving the
solenoid; a steering angle sensor, a vehicle speed sensor and
an engine speed sensor which are connected to the control-
ler; and a flow control valve dividing a flow, supplied from
a pump, 1nto a control flow supplied to the steering valve 1n
accordance with the degree of opening of the variable orifice
and a return flow circulating back to a tank or the pump, and
in the third feature the controller determines a basic current
instruction value on the basis of a current instruction value
in accordance with a steering angle supplied from the
steering angle sensor, a current instruction value 1n accor-
dance with a steering angular velocity and current instruc-
fion values 1n accordance with a vehicle speed, and adds a
standby current instruction value to the basic current 1nstruc-
tion value, and outputs the resultant value of the addition as
the solenoid current instruction value, and changes the
standby current 1nstruction value on the basis of the number
of revolutions of an engine or strokes of a pump detected by
the engine speed sensor.

A fourth feature of the present invention provides a power
steering system including: a steering valve for controlling a
power cylinder; a variable orifice provided upstream from
the steering valve; a solenoid for controlling a degree of
opening of the variable orifice; a controller for controlling a
solenoid current instruction value SI used for driving the
solenoid; a steering torque sensor, a vehicle speed sensor and
an engine speed sensor which are connected to the control-
ler; and a flow control valve dividing a flow, supplied from
a pump, 1nto a control flow supplied to the steering valve 1n
accordance with the degree of opening of the variable orifice
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and a return flow circulating back to a tank or the pump, and
in the fourth feature the controller determines a basic current
instruction value on the basis of a current instruction value
in accordance with steering torque detected by the steering
torque sensor and a current instruction value 1n accordance
with a vehicle speed detected by the vehicle speed sensor,
and adds a standby current instruction value to the basic
current instruction value, and outputs the resultant value of
the addition as the solenoid current instruction value, and
changes the standby current instruction value on the basis of
the number of revolutions of an engine or strokes of a pump
detected by the engine speed sensor.

According to the first and second features, the standby
current 1nstruction value Is 1s changed on the basis of the
vehicle speed. Consequently, a decrease i1n the solenoid
current 1nstruction value Is at medium and high vehicle
speeds makes 1t possible to prevent an unnecessary standby
flow at high vehicle speeds.

According to the third and fourth features, the standby
current instruction value 1s changed on the basis of the
number of revolutions of the engine or strokes of a pump.
Consequently, a decrease 1n the solenoid current instruction
value Is at high engine speeds of the engine or pump makes
possible to prevent a needless standby flow at high vehicle
speeds.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram 1illustrating a control system of a
controller C 1n a first embodiment.

FIG. 2 1s a graph showing characteristics of delay control.

FIG. 3 1s a diagram 1illustrating a control system of a
controller C 1n a second embodiment.

FIG. 4 1s a diagram 1llustrating a control system of a
controller C 1n a third embodiment.

FIG. 5 1s a graph showing the relationship between a
standby flow Q and a vehicle speed V.

FIG. 6 1s a diagram illustrating a control system of a
controller C in a fourth embodiment.

FIG. 7 1s a general view illustrating a power steering
system 1n the prior art.

FIG. 8 1s a diagram 1llustrating a control system of a
controller C of the prior art.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 1llustrates a control system of a controller C of a
first embodiment. In the case of the first embodiment, the
power steering system has the same configuration including,
the flow control valve V, the power cylinder 8, the steering
valve 9, and the like illustrated 1n FIG. 7, exclusive of the
controller C, as that of the prior art example, and the
following description will be given of the control system of
the controller C.

As 1llustrated 1n FIG. 1, the controller C determines a
current instruction value I1 based on the steering angle
detected by the steering angle sensor 14 and a current
instruction value 12 based on the steering angular velocity
calculated by differentiating the steering angle. Note that a
steering angular velocity sensor may be additionally pro-
vided to determine the current instruction value 12 based on
the steering angular velocity detected by this steering angu-
lar velocity sensor.

The relationship between the steering angle and the
current 1struction value I1 1s determined on the basis of

10

15

20

25

30

35

40

45

50

55

60

65

3

theoretical values giving linear characteristics to the rela-
tionship between the steering angle and a control flow QP.
The relationship between the steering angular velocity and
the current instruction value 12 1s also determined on the
basis of theoretical values giving linear characteristics to the

relationship between the steering angular velocity and the
control flow QP.

The controller C outputs a steering angle-related current
instruction value I3 and a steering angular velocity-related
current instruction value I4, on the basis of a value detected
by the vehicle speed sensor 15. The current instruction value
I3 decreases when the vehicle speed 1s at zero or at
extremely slow speeds, and i1s outputted at 1 when the
vehicle speed exceeds a fixed speed. The current 1nstruction
value 14 1s outputted at larger than one value when the
vehicle speed 1s at zero or at extremely slow speeds, and at
1 when the vehicle speed exceeds a fixed speed. The
controller C multiplies the steering angle-based current
instruction value I1 by the current instruction value 13, and
also the steering angular velocity-based current instruction
value 12 by the current instruction value I4.

As described above, the multiplication of the current
instruction value I1 by the current instruction value 13 based
on the vehicle speed 1s preformed for the purpose of pre-
venting energy loss when the vehicle stops or when the
vehicle 1s driven at extremely slow speeds with the steering
wheel being turned. For example, when driving the vehicle
into a car shed, it 1s sometimes parked with the engine
running for a while 1n a state of turning the steering wheel.
In this event the current instruction value I1 determined in
accordance with the steering angle 1s outputted as a solenoid
current 1nstruction value SI so that an unnecessary flow is
supplied to the steering valve 9 as much. In order to prevent
energy loss 1n such a case, when the vehicle speed 1s at zero
or at extremely slow speeds, the current mstruction value I1
1s multiplied by the current instruction value I3 to decrease
the steering angle-based current instruction value I1.

However, decreasing the current instruction value 13 as
described above leads to low response when the driver
begins to turn the steering wheel held 1n the already-rotated
position. Theretfore, the controller C multiplies the steering,
angular velocity-based current instruction value 12 by the
current 1struction value I4 outputted at a large value when
the vehicle speed 1s at zero or at extremely slow speeds, 1n
order to ensure an adequate response.

After the multiplication of the current instruction values
13, 14 based on the vehicle speed by the current instruction
values I1, 12, each of the resultant values (I1xI3) and (12x14)
undergoes delay control. The delay control 1s performed for
reducing the rate of decrease of an mputted current instruc-
tion value when the mputted current instruction value sud-
denly and sharply decreases. As illustrated in FIG. 2, for
example, the steering wheel 1s rotated 60 degrees, then
returned to the central position, and then rotated 60 degrees
again. In this case, the steering angle-based and steering
angular velocity-based current instruction value I1 and 12
temporarily decrease to zero and then increases again. In
other words, the current instruction values I1, 12 each forms
a letter V shape indicated by the broken line 1n FIG. 2. If the
value I1 or 12 1s directly outputted as the solenoid current
instruction value SI, a sudden change 1n a flow supplied to
the steering valve 9 inconveniently makes a driver uncom-
fortable with the steering.

Hence, 1in order to solve the above inconveniences, the
delay control is performed on the values (I1xI13) and (I12xI4).
Specifically, when an mputted value decreases on a sudden,
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the delay control makes the rate of decrease of the current
instruction value small to gradually decrease the current
instruction value as shown by the solid line of FIG. 2. This
manner prevents a sudden and sharp change 1n the current
instruction value around a zero-degree angled position of the

steering wheel, resulting 1n avoidance of causing discomfort
to the driver.

After the above delay control, the controller C multiplies
the current instruction values by the corresponding current
instruction values IS, 16 based on the vehicle speed. The
current 1nstruction values 15, 16 are each outputted at 1 at
low vehicle speeds and at a value of a decimal point below
1 at maximum speeds. For this reason, the mnputted value 1s
directly outputted at low vehicle speeds. The higher the
vehicle speed, the smaller the outputted value. In other
words, a high response 1s maintained at low vehicle speeds
and the response 1s reduced at high vehicle speeds. The
reason why response 1s changed in accordance with the
vehicle speed 1n this manner 1s that a high response 1s not
much required at high vehicle speeds but 1s required at low
vehicle speeds 1n most cases.

The controller applies current instruction values 17, I8,
cach set on the basis of the vehicle speed and serving as a
limit value, to the corresponding current instruction values
resulting from the multiplication. Speciiically, if the result-
ant value of the multiplication exceeds the vehicle speed-
based current instruction value I7 or I8 at this point, the
excessive amount 1s eliminated and the current instruction
values below their respective limiting values are each out-
putted. The limiting value based on the vehicle speed 1s
determined for the purpose of preventing excessive assist
force from being exerted during high-speed travel.

The current instruction values 17, I8 are also set to
decrease 1n accordance with the vehicle speed and their
gains are set smaller than those of the current instruction
values IS5, I6.

Next, The controller C makes a comparison between the
steering angle-based current instruction value and the steer-
ing angular velocity-based current instruction value which
are controlled within the limit value as described above, and
adopts the larger value of the two. The larger current
instruction value 1s determined as a basic current 1nstruction
value Id.

After obtaining the basic current instruction value Id 1n
this manner, the controller C adds a standby current instruc-
tion value Is to the basic current instruction value Id. The
standby current instruction value Is 1s not added directly.
Before that, the standby current instruction value Is 1is
multiplied by a current instruction value 19 set on the basis
of the vehicle speed, and then the resultant value of the
multiplication 1s added.

The vehicle speed-based current instruction value 19 1s
outputted at one at low vehicle speeds. Then, at medium
vehicle speeds, the current instruction value 19 1s gradually
smaller with an increase of the vehicle speed. Then, at high
vehicle speeds, the current mstruction value 19 1s maintained
at the minimum level. Therefore, the value obtained by the
multiplication of the vehicle speed-based current instruction
value 19 by the standby current instruction value Is 1s
outputted at low vehicle speeds without change, and 1is
ogradually decreased at vehicle speeds from medium toward
high. Then, the current 1nstruction value 19 1s maintained at
the minimum level at high vehicle speeds. Note that the
value obtained by the multiplication of the current instruc-
tion value 19 by the standby current instruction value Is 1s
not reduced to zero even at high vehicle speeds.
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As described above, reducing the standby current mstruc-
fion value 1n accordance with the vehicle speeds from
medium toward high, allows a reduction 1n the standby flow
at vehicle speeds from medium toward high as described 1n
FIG. 5. Hence, the reduction of the standby flow prevents a
useless consumption of energy. Note that the standby flow at
low vehicle speeds 1s herein referred to as a low-speed
standby flow and similarly the standby flow at high vehicle
speeds 1s referred to as a high-speed standby flow indicates
the standby flow.

After adding the standby current instruction value (IsxI9)
to the basic current mnstruction value Id as described above,
the controller outputs the resultant value of the addition to
the driving unit 16 (see FIG. 7) as a solenoid current
instruction value SI. Then, the driving unit 16 outputs an
exciting current corresponding to the solenoid current
instruction value SI to a solenoid SOL.

In the first embodiment, the controller C includes limiters
individually provided for applying the current instruction
values 17, I8 serving as the limiting values to the corre-
sponding and resultant values immediately after the multi-
plication of the current instruction values IS, 16 serving as
the gains. However, instead of the individual limiters, an
across-the-board limiter may be provided for applying a
vehicle speed-based current instruction value serving as a
limiting value to the value resulting from the addition of the
standby current 1nstruction value.

Further, in the first embodiment, the vehicle speed-based
current 1nstruction values IS5, 16 are separately multiplied as
gains alter the delay control 1s carried out. However, instead
of the separate multiplication of the gains, the value selected
in the value comparison may be multiplied by a vehicle
speed-based current instruction value as an across-the-board
oain.

Still further, an across-the-board limiter may be provided
for applying a vehicle speed-based current instruction value
serving as a limiting value to a value resulting from the
addition of the standby current instruction value, and also
the value adopted by the value comparison may be multi-
plied by a vehicle speed-based current instruction value as
an across-the-board gain.

Next, the second embodiment 1s 1llustrated 1n FIG. 3. The
steering angle-based current instruction value and the steer-
ing angular velocity-based current instruction value are
compared and the larger value of the two 1s adopted 1n the
first embodiment. However, 1n the second embodiment, both
of these current 1nstruction values are added to each other.
The other configuration 1n the second embodiment 1s 1den-
tical with that in the first embodiment.

As described above, the controller may add the steering
angle-based current 1nstruction value to the steering angular
velocity-based current instruction value to obtain a solenoid
current instruction value SI in view of both characteristics of
a steering angle and a steering angular velocity.

In the second embodiment as well as the first
embodiment, the value obtained by the multiplication of a
standby current instruction value Is by a current instruction
value 19 based on the vehicle speed 1s added to a basic
current instruction value Id so that a standby tlow 1s reduced
at vehicle speeds from medium to high. In other words, as
described 1 FIG. 5, with an increase of vehicle speed, the
standby flow 1s changed from a low-speed standby flow to
a high-speed standby flow. This change 1n flow makes it
possible to prevent an unnecessary standby flow at vehicle
speeds from medium to high.

Similarly the first embodiment, 1n the second
embodiment, limiters are also individually provided for
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applying the current instruction values 17, I8 serving as the
limiting values to the resultant values immediately after the
multiplication of the current mstruction values I3, 16 serving
as the gains. However, 1nstead of the individual limiters, an
across-the-board limiter may be provided for applying a
vehicle speed-based current instruction value serving as a
limiting value to the resultant value of the addition of the
standby current instruction value.

Further, instead of the separate multiplication of the gains,
a value adopted 1n the value comparison may be multiplied
by a vehicle speed-based current instruction value as an
across-the-board gain.

Still further, an across-the-board limiter may be provided
for applying a vehicle speed-based current instruction value
serving as a limiting value to a value resulting from the
addition of the standby current instruction value, and also
the value adopted by the value comparison may be multi-
plied by a vehicle speed-based current instruction value as
an across-the-board gain.

Next, a third embodiment 1s illustrated in FIG. 4, which
use steering torque to calculate a basic current instruction
value Id. Specifically, in the third embodiment a steering,
torque sensor for detecting steering torque 1s connected to
the controller C. The controller C calculates a basic current
instruction value Id on the basis of a current instruction
value It, determined 1n accordance with the steering torque,
and a vehicle speed-based current instruction value Iv.
Specifically, the current instruction value It based on the
steering torque 1s multiplied by the vehicle speed-based
current instruction value Iv to obtain a basic current instruc-
tion value Id. Then, a standby current 1nstruction value Is 1s
added to the basic current mstruction value Id. Note that the
standby current instruction value Is 1s also multiplied by a
current mstruction value I9 set on the basis of the vehicle
speed 1n the third embodiment.

Hence, mm the third embodiment as well as the other
embodiments, the standby tlow 1s reduced at vehicle speeds
from medium toward high, resulting in the prevention of the
unnecessary standby flow to be produced at vehicle speeds
from medium toward high.

In the first to third embodiments, the standby current
instruction value Is 1s multiplied by the current instruction
value 19 set on the basis of the vehicle speed. However, the
controller C may be designed to store a table of the standby
current 1nstruction values Is 1n accordance with vehicle
speeds, and performs an addition of a standby current
mstruction value, obtained from the table 1n accordance with
the vehicle speed, to the above basic current instruction
value Id. In other words, a standby current instruction value
Is maybe changed on the basis of vehicle speeds.

Additionally, although the standby current instruction
value Is may be controlled changeably on the basis of the
vehicle speed 1n the first to third embodiments, the standby
current 1nstruction value Is may be changeably controlled
based on the number of revolutions of an engine instead of
a vehicle speed. In a fourth embodiment illustrated i FIG.
6, that 1s to say, an engine speed sensor for detecting the
number of revolutions of the engine may be connected to the
controller C and the controller C may multiply the standby
current instruction value Is by a current instruction value 110
corresponding to the number of revolutions of the engine
detected by the engine speed sensor. The current instruction
value based on the number of revolutions of the engine 1s
outputted at 1, a maximum value, at high engine speeds, and
then gradually reduced at medium engine speeds as the
number of revolutions of the engine 1s increased. Then, the
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current instruction value 1s maintained at the minimum level
at low engine speeds.

The engine typically has a high number of revolutions
during high speed travel. From this fact, it can be concluded
that a vehicle speed 1s high when the number of revolutions
of the engine 1s high. Then, the standby current instruction
value Is 1s set to decrease when the engine has a high number
of revolutions. Such setting of the standby current instruc-
tion value allows the prevention of the unnecessary standby
flow from being produced at vehicle speed from medium
toward high as in the case of the standby current instruction

value set on the basis of the vehicle speeds.

Additionally, the engine 1s coupled to a pump, so that the
number of strokes of the pump is proportional to the number
of revolutions of the engine. Hence, the number of strokes
of the pump may be detected by the engine speed sensor, and
the standby current instruction value Is may be controlled
changeably on the basis of the detected number of strokes of
the pump 1n a manner similar to the use of the number of
revolutions of the engine as described above.

Further, the controller C may be designed to store a table
of standby current instruction values Is determined 1n accor-
dance with the number of revolutions of the engine or
strokes of the pump, and obtain from the table a standby
current instruction value 1n accordance with the number of
revolutions of the engine or strokes of the pump for an
addition of the obtained standby current instruction value to
the aforementioned basic current instruction value Id. That
1s to say, a standby current mnstruction value Is may be so set
as to change on the basis of the number revolutions of the
engine or strokes of the pump.

We claim:

1. A power steering system comprising:

a steering valve (9) for controlling a power cylinder (8);

a variable orifice (a) provided upstream from the steering
valve (9);

a solenoid (SOL) for controlling a degree of opening of
the variable orifice (a);

a controller (C) for controlling a solenoid current instruc-
tion value (SI) used for driving the solenoid (SOL);

a steering angle sensor (14), a vehicle speed sensor (15)

and an engine speed sensor which are connected to the
controller (C); and

a flow control valve (V) for dividing a flow, supplied from
a pump (P), into a control flow (QP) supplied to the
steering valve (V) in accordance with the degree of

opening of the variable orifice (a), and a return flow
(QT) circulating back to a tank (T) or the pump (P),

the controller (C) determining a basic current instruction
value (Id) on the basis of a current instruction value (I1)
in accordance with a steering angle supplied from the
steering angle sensor (14), a current instruction value
(I2) in accordance with a steering angular velocity and
current instruction values (IS, 16) in accordance with a
vehicle speed,

adding a standby current instruction value (Is) to the basic
current 1nstruction value (Id),

outputting the resultant value of the addition as the
solenoid current instruction value (SI), and

changing the standby current instruction value (Is) on the
basis of the number of revolutions of an engine or
strokes of a pump detected by the engine speed sensor.
2. A power steering system comprising:

a steering valve (9) for controlling a power cylinder (8);

a variable orifice (a) provided upstream from the steering
valve (9);
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a solenoid (SOL) for controlling a degree of opening of
the variable orifice (a);

a controller (C) for controlling a solenoid current instruc-
tion value (SI) used for driving the solenoid (SOL);

a steering torque sensor, a vehicle speed sensor (15), and
an engine speed sensor which are connected to the
controller (C); and

a flow control valve (V) for dividing a flow, supplied from
a pump (P), into a control flow (QP) supplied to the
steering valve (V) in accordance with the degree of

opening of the variable orifice (a), and a return flow
(QT) circulating back to a tank (T) or the pump (P),

the controller (C) determining a basic current instruction
value (Id) on the basis of a current instruction value (It)

10

14

in accordance with steering torque detected by the
steering torque sensor and a current instruction value
(Iv) in accordance with a vehicle speed detected by the
vehicle speed sensor (15),

adding a standby current instruction value (Is) to the basic
current instruction value (Id),

outputting the resultant value of the addition as the
solenoid current instruction value (SI), and

changing the standby current instruction value (Is) on the
basis of the number of revolutions of an engine or
strokes of a pump detected by the engine speed sensor.
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